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In seven patients with different types of neoplasm, sec-
ondary myocardial infiltration was diagnosed in vivo by
two-dimensional echocardiography and confirmed by di-
rect inspection. In all patients, clinical and electrocar-
diographic findings were suggestive but nonspecific for
myocardial involvement. Two patients had cardiac tam-
ponade and three had pericardial effusion. In three pa-
tients, the echocardiographic diagnosis made it possible
to plan specific therapy.
Cardiac metastases , secondary to various types of neoplasm,
are frequently observed at autopsy (1-8) . Nevertheless, they
are rarely recognized in vivo, because of the inconsistency
and aspecificity of their clinical. radiologic and electrocar-
diographic signs. Clinical reports (9-19) (single cases or
small series) often describe intracavitary metastases or peri-
cardial involvement with pericardial effusion. Cases of myo-
cardi al infiltration, although more frequent than intracavi-
tary masses, are rarely reported and are based on retrospective
evaluation of autopsy data (l ,6 ,7 ,20).
In this report we describe and compare clinical. labo-
ratory and echocardiographic data in seven cases of sec-
ondary neoplastic myocardial infiltration prospectively di-
agnosed in vivo by two-dimensional echocardiography and
later confirmed by autopsy (six cases) or surgery (one case ).
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Clinical, electrocardiographic and echocardiographic
aspects are discussed. A two-dimensional echocardio-
graphic examination should be performed in all patients
when cardiac metastatic involvement is suspected from
clinical electrocardiographic findings, because the in vivo
diagnosis of such a condition may have important ther-
apeutic implications for such patients.
(J Am Coli Cardiol 1987;9:439-45)
Methods
Study patients. Between September 1982 and Decem-
ber 1984, 5,445 echocardiograms were performed on 3,980
patients (120 of them had been admitted to the Oncologic
Department) at the Pordenone General Hospital and 453
echocardiograms were performed on 352 patients at the
Istituto Nazionale dei Tumori, an oncologic hospital. During
this period we diagnosed 1I cases of myocardial neoplastic
infiltration by using echocardiography. In one patient the
mass disappeared after chemotherapy and three patients were
lost to follow-up . The data from the seven patients in whom
direct anatomic inspection could be performed form the
subject of this report.
Echocardiography. The echocardiograms were per-
formed with the patient lying in the dorsal, left lateral or
right lateral decubitus position, with the head slightly ele-
vated. Standard approaches and sections were used (2 1),
together with all the additional approaches and modified
sections useful in each case to obtain good visualization of
the cardiac structure s. We used commercially available
equipment (Toshiba SSL 53M , ATL Mark 500 , Aloka SSD
720) with phased array (Toshiba) or mechanical (ATL and
Aloka) sector scanners . Images were recorded on videotape
for further analysis.
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Figure 1. Case I. Parasternal short-
axis viewsof echocardiogram and line
drawing. A, The neoplastic mass (M)
infiltrates the posterior wall and the
posterior third of the interventricular
septum. B, Afterdelivery of4,000 rads
to the heart, the mass appears to be
reducedin size; at this time the patient
had no clinical signs of cardiac tam-
ponade. C, After delivery of 6,500
rads the mass has disappeared. LV =
left ventricle; RV = right ventricle .
Case Reports
Case 1 (Fig. 1). A 53 year old woman affected by
Burkitt's lymphoma underwent cardiologic evaluation be-
cause of dyspnea. She had clinical signs of cardiac tam-
ponade; the chest X-ray film showed an enlarged cardiac
silhouette and the electrocardiogram recorded a 2 mm con-
vex ST elevation in inferior leads and leads V,-V2 . The
echocardiogram showed a reduction in systolic and diastolic
kinetics, a small echo-free intrapericardial space and a very
echogenic, uniformly granular mass adherent to the epicar-
dium, thicker at the level of the posterior atrioventricular
and interventricular grooves. The posterior ventricular wall
and interventricular septum showed a peculiar echogenic
texture , similar to that of the mass and different from that
of the surrounding myocardium; their systolic thickening
was reduced. The diagnosis was an intrapericardial mass
with myocardial infiltration. On this basis , local radiother-
apy was suggested. After eight applications, clinical signs
of cardiac tamponade disappeared; in the electrocardiogram
the ST elevation regressed and only negative T waves were
recorded. A repeat echocardiogram showed almost complete
disappearance of the mass and normalization of ventricular
kinetics.
The patient died 20 days later , because of worsening of
her systemic illness. Autopsy demonstrated adhesive peri-
carditis and presence of lymphomatous cell islands infil-
trating the posterior and right ventricular myocardium.
Case 2 (Fig. 2). A 23 year old woman affected by
lymphoblastic lymphoma had been treated by chemotherapy
and radiotherapy until complete remission. In February 1983,
she underwent rouune cardiologic evaluation; the electro-
cardiogram showed diffuse convex ST segment elevation.
Two-dimensional echocardiography, performed in March ,
showed minimal pericardial effusion and the presence of a
mass with a granular, increased echogenicity infiltrating the
cardiac apex. One month later the ST segment elevation
was more evident (up to 5 mm) and the size of the mass
on echocardiography had increased . On the basis of these
echocardiographic findings, local radiotherapy was per-
formed. A thoracotomy with biopsy confirmed the presence
of a lymphomatous mass infiltrating the cardiac apex. Dur-
ing radiotherapy the ST segment elevation and the size of
the mass on echocardiography progressively decreased until
two-dimensional echocardiography revealed disappearance
of the mass and the presence of adhesive pericarditis. At
this time the electrocardiogram recorded Q waves and low
voltage of the QRS complex .
The patient was well until her systemic disease relapsed
6 months later, and she died in January 1984. At autopsy,
the cardiac apex was fibrotic and adherent to the chest wall .
This case has been described elsewhere in more detail (22).
Case 3 (Fig, 3). A 48 year old man on medical therapy
for diabetes, hypertension and angina was treated by surgery
and radiotherapy for an esophageal carcinoma (with lung,
vessel and lymph node infiltration) until complete remission
was obtained. Seven months later , he was readmitted to the
hospital because of asthenia, anorexia and fever. On clinical
examination a gallop rhythm and pleuropericardial rubs were
evident. The chest X-ray film showed an enlarged cardiac
silhouette and left pleural opacity . The electrocardiogram
recorded Q waves in leads II, III and aVF and diffuse ST





Figure 2. Case 2. Echocardiograms in
apical four chamber view (top) and
parasternal short-axis view at the level
of theapex (bottom) . A neoplastic mass
(M) infiltrates the cardiac apex and part
of the lateral left ventricular(LV) wall.
A small pericardial effusion (PE) is also
present. LA = left atrium: RA = right
atrium.
segment elevation , more evident in leads V-+ and Vs (not
present in previous tracings) with low R waves throu gh
lead v-:
Two-dimensional echocardiography showed a moderate
echo-free intrapericardial space and a mass with granular.
uniform echogenicity , infiltrating the cardiac apex and pro-
truding into the left ventricle; other smaller, more echogenic
masses were adherent to the epicardial surface of both ven-
tricle s. The apical epicardium could not be distinguished at
the level of the infiltrating mass . The left ventricle was
hypertrophic, with akinesia of the apex and hypokinesia of
the lateral wall and the apical part of the septum. Pericar-
diocen tesis was performed, and the patient was kept on
medic al therapy, but his clinical condition worsened and he
died 2 weeks later.
Autopsy showed a neoplastic pericarditi s and a mass that
infiltrated the external three-fourths of the apical left ven-
tricular wall.
Case 4 (Fig. 4). A 73 year old man on medical treatment
for hypertension was hospitalized in Jul y 1983 with the
diagnosis of left lung cancer. The adm ission electrocardio-
gram was unchanged as compared with a previous one of
1979. with low or negative T waves in lead aVL and V 1 to
Yo' A routin e echocardiogram showed a hypertrophic . nor-
mokin etic left ventricle , with a highl y echogenic epic ardial
surface . There was a moderate echo-free intrapericardial
space containing a very echogenic. granular mass encasing
the heart; this mass was thicker over the right ventricle. The
patient underwent ambulatory radiotherapy . On reexami -
nation in September the patient was dyspneic, with dis-
tended jugular veins. ST segm ent elevation in leads V~ to
Vo and deeper negative T waves in leads aVL and V4 to V6
were noted.
Two-dimensional echocardiography showed hypokinesia
of the apical third of the left ventricular free wall . The echo-
free intrapericardial space had almost disappeared, whereas
the thickne ss of the epicardial enca sing mass had increased,
mainly over the cardiac apex and left ventricular free wall.
The left ventricular apex showed hypokinesia, consi stent
with adhesive pericarditis. The basal portion of the right
ventricle appeared dyskinetic; diastolic expansion of both
ventricles was limited. suggesting constrictive pericarditis.
The patient died 4 days later , and autopsy confirmed the
presence of a carcinomatous adhesive pericarditis with tu-
mor encasement of the heart .
Case 5 (Fig. 5). A 30 year old man affected by Hodg-
kin ' s disease was treated by chemotherapy until complete
remission . In January 1983 he was hospital ized becau se of
cough and dyspnea. Clinical signs of card iac tamponade
were present. A chest X-ra y film showed an enlarged cardiac
silhouette; the electrocardiogram showed sinus rhythm, low
voltage QRS and inverted T wave s in leads Vs to V6 . Two-
dimensional echocardiography revealed a large pericardial
effusion. Pericardiocentesis was performed and repeated 2
month s later, when the disease relapsed. Cardiac tamponade
recurred a few days after the second pericardiocentesis .
A repeat echocardiogram showed the presence of a small
highly echogenic mass infiltrat ing the pericardium , epicar-
dium and subepicardial septal myocardium ; interventricular
septal motion was reduced. On the basis of the echocardio-
graphic data, myocardial infiltration was diagnosed, and
local radiotherapy was suggested. Signs of cardiac tampon-
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Figure 3. Case 3. Echocardiogram in apical four chamber view.
A neoplastic mass (M) infiltrates the cardiac apex and protrudes
into the left ventricle (LV). Other abbreviations as in Figures I
and 2.
ade disappeared after delivery of 1,600 rads, but systemic
illness worsened, with infiltration of the kidney. The patient
died I month later.
Autopsyconfi rmed the presence of a lymphomatous mass
infiltrating the pericardium and the external third of the
septal myocardium.
Case 6 (Fig. 6). A 72 year old man, without a history
of cardiovascular disease was hospitalized with the diag-
nosis of Pancoast syndrome. Clinical cardiologic exami-
nation was normal. The chest X-ray film showed two pul-
monary opacities and a small protrusion of the third left
arch of the cardiac silhouette. Routine electrocardiogram
recorded 3 to 7 mm convex ST segment elevation with
negative T waves in leads I. aVL and VI to Vh . These
alterations suggested the diagnosis of myocardial infiltra-
tion.
At echocardiography a large noncontractile mass infil-
trated the cardiac apex and the apical part of the left ven-
tricular free wall. protruding into the left ventricle. The
epicardium and endocardium were not visible at the level
of the mass, which showed an echocardiographic texture
different from that of the normal myocardium. A small
pericardial effusion was present, but the parietalpericardium
Figure 4. Case 4. Echocardiograms in apical four
chamber view in systole (top) and diastole (bottom).
The epicardium is very echogenic, mainly over the
cardiac apex. The gain was set at a low level in the
near field to prevent artifacts or saturation. The di-
astolicexpansion of the leftventricle(LV) is reduced,
suggesting constrictive pericarditis. Abbreviations as
in Figures I and 2.
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Figure 5. Case 5. Top, Echocardiogram in parasternal short-axis
view. A large echogenic mass (arrows) infiltrates the left lateral
ventricular wall and the septum. Bottom, Postmortem specimen
(cross section). The neoplastic mass (M) infiltrates theepicardium
and the subepicardial myocardium (arrowheads).
apparently was not infiltrated. The patient died a few days
later, with central nervous system involvement.
Autopsy demonstrated the presence of a large mass in-
filtrating the cardiac apex and protruding into the left ven-
tricle. The parietal pericardium was not infiltrated.
Case 7 (Fig. 7). A 33 year old man affected by non-
Hodgkin's lymphoma was treated by chemotherapy and ob-
tained partial regression. He was referred to the cardiologist
because of cough and effort dyspnea. Cervical venous dis-
tension was present, and a ventricular gallop was heard. A
chest X-ray film showed a left pleural opacity and enlarge-
ment of the cardiac silhouette; the electrocardiogram re-
corded low voltage negative T waves in leads Y.. to Ye,.
Two-dimensional echocardiography showed the presence
of a moderately large pericardial effusion and an echogenic
mass adherent to the cardiac apex. The left ventricle was
normokinetic except for the involved area, which had re-
duced contraction. Further chemotherapy could not be per-
Figure 6. Case 6. Top, Echocardiogram in apical four chamber
view. A very large mass (arrows) infiltrates the cardiac apex and
protrudes into the left ventricle. The endocardial contour is no
longer distinguishable at the level of the infiltration. Bottom, Post-
mortem specimen (oblique section of the apex). The neoplastic
mass (M) infiltrates the ventricular wall and protrudes into the left
ventricular cavity.
formed because of renal insufficiency. The patient died a
few days later.
Autopsy confirmed the solitary metastasis of the left ven-
tricular apex with infiltration into the subepicardial region.
Discussion
Secondary neoplastic myocardial infiltration, although
frequent at autopsy, is rarely recognized in vivo. In our
cases, this entity was prospectively diagnosed in vivo by
two-dimensional echocardiography. Of the seven reported
cases, echocardiography was performed in two because of
cardiac tamponade, in three to evaluate the amount of peri-
cardial effusion, in one as part of a routine examination and
in one to explain the electrocardiographicST-T wave changes.
Myocardial infiltration had been suspected before echo-
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Figure 7. Case 7. Echocardiogram and line drawing, subcostal
four chamber view. A moderate pericardial effusion and an echo-
genic mass (M) infiltrating the cardiac apex are evident. Abbre-
viations as in Figures 1 and 2.
cardiography only in the last case. In all seven cases. echo-
cardiography allowed us to diagnose myocardial infiltration
and to evaluate the site, size and relations of the infiltrating
mass. This was confirmed by direct anatomic inspection in
all seven cases. In three patients, the echocardiographic
diagnosis was essential for the indication of specific therapy;
in four cases the stage of disease did not permit further
therapy. Chest radiography did not help in detecting the
infiltration in any case. Computed tomography was per-
formed in two cases; it was very helpful in defining the size
and limits of the intrapericardial masses, but could not rec-
ognize myocardial infiltration.
Clinical aspects. Cardiovascular symptoms of Patients
I, 3, 4, 5 and 7 were probably due to compression of the
cardiac chambers by the mass or pericardial effusion. In
Patient I, symptoms disappeared when reduction of the mass
size was obtained by radiotherapy, although a large part of
both ventricles was still infiltrated. Patients 2 and 6 never
showed clinical signs of left ventricular dysfunction, al-
though the cardiac apex and part of the left ventricular free
wall were infiltrated and akinetic. This observation is con-
sistent with the reports of others (1,7,10,23-26) who ob-
served relatively few cardiac symptoms in many cases of
primary or secondary neoplastic infiltration of the myocar-
dium. No patient complained of angina, although six of the
seven showed electrocardiographic signs of ischemia at some
time during their illness. Few cases of angina or myocardial
infarction consequent to neoplastic embolic or compressive
occlusion of a main coronary artery have been reported
(7,8,27). In our cases, the infiltrating masses were localized
in regions vascularized by peripheral coronary arteries, It
is possible that this condition did not cause a sudden de-
crease in myocardial blood flow or release by viable cells
of the substances believed to cause anginal pain, It is also
possible that the infiltrating mass destroyed the sensitive
myocardial nerve endings. Another important feature of our
seven cases is that the neoplastic disease was apparently in
complete remission in three when cardiac infiltration was
diagnosed. Two of three patients (Cases I and 5) who under-
went radiotherapy on the basis of the echocardiographic
diagnosis had cardiac symptoms temporarily or definitively
relieved by the therapy. In one of them and in the third
patient (Case 2), the mass disappeared or was markedly
reduced by radiotherapy, and death was apparently unrelated
to the cardiac problems. In this series. selected on the basis
of the availability of final anatomic confirmation, we do not
know if the prognosis had been improved by therapy. Iden-
tification and treatment of all the secondary neoplastic lo-
calizations, however, is important and of clinical relevance,
mainly for tumors with a less poor prognosis,
Electrocardiography. The electrocardiogram showed
convex ST segment elevation in six of the seven cases at
the time of progression of the subepicardial myocardial in-
filtration. The amplitude of the ST segment in Cases I and
2 was increased or decreased in apparent relation to the size
of the mass as seen by echocardiography. In Case 5 the
electrocardiogram did show only negative T waves; in this
case, only the subepicardial outer part of the left ventricular
wall was infiltrated. In Case 2, the electrocardiographic
evolution after radiotherapy was toward signs of necrosis,
and at autopsy the cardiac apex was fibronecrotic. Others
(11,13,17,24,28) have reported electrocardiographic signs
of injury in the leads corresponding to ventricular walls
infiltrated by primary or secondary neoplasms. In one case,
a progression of such signs is described (28). In many other
cases of primary or secondary myocardial neoplasms, the
electrocardiogram recorded only nonspecific ST-T changes
(10,14,15,19,23,29). In a large study (6) of selected cases
of lymphoma, the patients with or without secondary cardiac
involvement did not differ in electrocardiographic altera-
tions. These patients may have in fact different problems,
such as primary cardiac disease, anemia or electrolyte im-
balance, all of which can induce secondary ST-T changes.
Our observations and literature analysis suggest that electro-
cardiographic signs of ischemia occur when the subepicar-
dial myocardium is infiltrated. The severity of these signs
may be proportional to the thickness of the infiltrated myo-





cardium or to the ratio between infiltratedand noninfiltrated
myocardium (24,28) .
Echocardiography. The infiltrating masses had a pe-
culiar, granular echocardiographic texture. The echogen-
icity might change using electronic rather than mechanical
sector scanners, but the infiltrated areas always appeared
different from the normal myocardium. The ventricular walls
appeared thicker and hypokinetic or akinetic at the level of
infiltration; the association of these two aspects was useful
for the differential diagnosis with myocardial infarction and
cardiomyopathy. The epicardial and endocardial contours
were interrupted by the transmural infiltrating masses (Fig.
6) and bordered the intramural masses (Fig. 2). All these
aspects allowed differential diagnosis from thrombi or other
masses. which can be adherent to the endocardium,
Conclusions. In seven cases. two-dimensional echo-
cardiography was useful in prospectively recognizing myo-
cardial infiltration, defining location and size of metastases.
suggesting the most helpful therapy and evaluating the re-
sults. Echocardiographic data were confirmed by direct an-
atomic observation in all seven cases. The neoplastic infil-
trating masses had a peculiar echogenicity and ultrasound
texture that was different from normal myocardium. Electro-
cardiographic signs of ischemia in patients with neoplasm.
even when there is complete remission, may be an indication
for two-dimensional echocardiography or other imaging
technique to evaluate the possibility of myocardial infiltra-
tion, especially if there are no clinical signs of ischemic
heart disease.
Larger prospective studies are required to evaluate the
predictive value of both electrocardiography and echocardi-
ography in this field. This could be done screening a large
series of patients undergoing open thoracic surgery or ex-
pected to die within a short time, in order to assess both
sensitivity and specificity of these techniques.
We are grateful to Daniela Scarpa. MD for ass istance in preparing line
drawings and to Betty lohnston for editing and preparing the manus cript.
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